Allogeneic hematopoietic SCT (allo-HCT) from matched sibling donor (MSD) is recommended for younger patients with intermediate cytogenetic risk AML in first CR (CR1), whereas the role of alternative donor transplants in these patients is unknown. We retrospectively analyzed 605 patients with intermediate-risk AML, who received myeloablative allo-HCT in CR1. The 4-year OS for MSD (n ¼ 290) and matched unrelated donor (MUD; n ¼ 141) was 65% and 68% (P ¼ 0.50), respectively. In multivariate analysis, MUD had a similar risk of overall mortality as MSD (hazard ratio ¼ 0.90; 95% confidence interval, 0.62-1.30; P ¼ 0.58), whereas older age, female donor/male recipient (FDMR) combination, and requiring more than one course of induction chemotherapy to achieve CR1 were poor prognostic factors for OS. Thus, OS after MUD HCT with sex combinations other than FDMR was significantly higher than that after MSD HCT from female donors to male recipients (4-year OS 72% versus 55%, P ¼ 0.04). These results suggest that HCT, not only from MSD, but also from MUD, should be considered in younger patients with intermediate-risk AML in CR1, and that the donor-recipient sex combination is more important than the donor type in donor selection.
INTRODUCTION
The current standard treatment strategy for young patients with AML consists of induction chemotherapy and subsequent postremission therapy. The post-remission therapy includes intensive consolidation chemotherapy and allogeneic hematopoietic SCT (allo-HCT). Although the toxicity of consolidation chemotherapy is relatively low, a substantial proportion of patients relapse, and the risk of relapse depends on cytogenetic risk. 1, 2 On the other hand, allo-HCT as a post-remission therapy is associated with the lowest relapse rates. However, this benefit is limited by the high nonrelapse mortality (NRM) and the donor type has a significant impact on NRM. 3 The risk of NRM associated with allo-HCT needs to be balanced with the risk of relapse, and hence, the indication for allo-HCT among patients with AML in the first CR (CR1) depends on the cytogenetic risk and available donor type. 4 Regarding those patients with favorable cytogenetic risk AML, who achieved CR1, the long-term disease-free survival after intensive consolidation chemotherapy of approximately 60% is reported, and they did not benefit from allo-HCT in CR1. [5] [6] [7] Thus, these patients are not considered candidates for allo-HCT in CR1. 8 As for patients with unfavorable cytogenetic risk AML in CR1, previous prospective studies that assigned allo-HCT versus alternative post-remission therapies, on an intent-to-treat donor versus no-donor basis showed significant disease-free survival and OS benefit with allo-HCT, not only from a matched sibling donor (MSD), but also from a matched unrelated donor (MUD). [5] [6] [7] 9 Accordingly, allo-HCT in CR1 from MSD or MUD is recommended for unfavorable risk AML. 8 The indication for allo-HCT in CR1 depends on the available donor type in patients with intermediate cytogenetic risk AML. As meta-analyses of prospective studies showed that allo-HCT in CR1 from MSD offered significant disease-free survival and OS benefit, 5, 6 allo-HCT in CR1 from MSD is recommended. In contrast, the indication for allo-HCT from alternative donors among these patients is unknown, because higher NRM may offset therapeutic benefits. 3 Although several studies reported comparable outcome after MUD or MSD transplantation, [10] [11] [12] [13] these studies included only a small number of patients with intermediate-risk AML in CR1, and information regarding the outcome of allo-HCT from alternative donors in this group of patients is limited. Collectively, further investigation of the outcome of allo-HCT from alternative donors in patients with intermediate-risk AML in CR1 is warranted. In the present study, we retrospectively analyzed the impact of donor type on transplant outcomes among patients with intermediate-risk AML in CR1.
MATERIALS AND METHODS

Collection of data and data source
The recipients' clinical data were provided by the Japan Society for Hematopoietic Cell Transplantation (JSHCT) and the Japan Marrow Donor Program (JMDP). The registry data is managed using the 'Transplant Registry Unified Management Program' system.
14 Both JSHCT and JMDP collect recipients' clinical data at 100 days after allo-HCT. The patient's data on survival, disease status and long-term complications, including chronic GVHD and second malignancies, are renewed annually by follow-up forms. This study was approved by the data management committees of JSHCT. Informed consent was provided according to the Declaration of Helsinki.
Patients
Between January 1996 and December 2008, a total of 682 adult patients aged 16 to 70 years, with intermediate cytogenetic risk AML in CR1, received first BM or PBSC transplantation with myeloablative conditioning regimens. Excluding 66 patients without complete HLA data and 11 patients whose follow-up data were not available, we analyzed 605 patients. Only BM grafts were used in unrelated HCT, because the PBSC donation from unrelated donors was not permitted in Japan. HLA compatibility was determined by serological typing for HLA-A, -B and -DR in related donor (RD) HCT, and by high-resolution typing for HLA-A, -B, -C and -DRB1 in unrelated donor HCT. A MSD was defined as a serologically MSD, whereas other RDs were defined as RDs other than MSD. A MUD was defined as an eight/eight identical unrelated donor, whereas a mismatched unrelated donor (MMUD) was defined as an unrelated donor who had at least one locus mismatch.
Definitions
Neutrophil recovery was defined by an ANC of at least 500 cells per mm 3 for three consecutive points. Acute and chronic GVHD were diagnosed and graded according to defined criteria. 15, 16 Relapse was defined as a recurrence of underlying hematological malignant diseases. NRM was defined as death during continuous remission. For OS, failure was death due to any cause, and surviving patients were censored at the last followup. The date of transplantation was the starting time point for calculating all outcomes. Cytogenetic risk-group assignment was done according to the Southwest Oncology Group/Eastern Cooperative Oncology Group classification. 2 
Statistical analysis
The two-sided w 2 -test was used for categorical variables, and the two-sided Wilcoxon rank sum test was used for continuous variables. OS was calculated using the Kaplan-Meier method. The log-rank test was used for group comparisons. Cumulative incidence curves were used in a competing-risks setting to calculate the probability of acute and chronic GVHD, relapse and NRM. 17 For GVHD, death without GVHD and relapse were the competing events; for relapse, death without relapse was the competing event; and for NRM, relapse was the competing event. Gray's test was used for group comparison of cumulative incidence. 18 The Cox proportional hazards regression model was used to test the statistical significance of several potential prognostic factors for relapse, NRM and OS. Variables with a significance level less than 0.1 in univariate analysis were entered into multivariable models and sequentially eliminated in a stepwise backward fashion. Each step of model building contained the main effect of donor type. Factors with a significance level less than 0.05 were kept in the final model. The median value was used as a cut-off point for year of transplant. For WBC counts at diagnosis, 50 Â 10 9 /L was used as a cut-off point according to the previous report. 10 All P-values were twosided, and P-values of less than 0.05 were considered statistically significant.
RESULTS
Patient characteristics
Characteristics of the patients are summarized in Table 1 . Among the 605 patients analyzed, 290 had MSD HCT, 53 had other RD HCT, 141 had MUD HCT and 121 had MMUD HCT. Of 53 patients with other RD, HLA was matched in 14 and mismatched in 39 patients. Of 121 patients with MMUD, 69 were one locus mismatched and 52 were two or more loci mismatched. The median age of patients was 37 (range, 16-59) years, and median time from diagnosis to HCT was 7.43 (range, 0.43-54.3) months. The median follow-up period of survivors was 4.2 (range, 0.1-13) years. The proportions of male patients, normal karyotype, conditioning regimens, including TBI, and BMT were significantly higher, whereas those of M1/M2/M3/M4/M5 FAB classification and CYA-based GVHD prophylaxis were significantly lower in the unrelated HCT than in the related HCT. The time from diagnosis to HCT was longer in the unrelated HCT compared with related HCT. Other characteristics were not significantly different between related and unrelated HCT.
Acute and chronic GVHD The unadjusted cumulative incidences of grade II-IV acute GVHD for the MSD and MUD HCT were 26% and 25% at 100 days (P ¼ 0.89), respectively, and those of grade III-IV acute GVHD were 10% and 7% at 100 days (P ¼ 0.46), respectively ( Table 2 ). The unadjusted cumulative incidences of chronic GVHD for the MSD and MUD HCT were 45% and 44% at 2 years (P ¼ 0.98), respectively, and those of extensive chronic GVHD were 28% and 23% at 2 years (P ¼ 0.37), respectively ( Table 2 ). Survival OS rates for the MSD and MUD HCT were 65% and 68% at 4 years, respectively (P ¼ 0.50; Table 2, Figure 1a ). Univariate analysis of risk factors for overall mortality showed that the following factors were significant at the 0.1 level: patient age X40 years, female donor/male recipient (FDMR) combination, and requiring more than one course of induction chemotherapy to achieve CR1 (Table 3) . In multivariate analysis, MUD was not a significant factor for overall mortality (hazard ratio (HR) ¼ 0.90; 95% confidence interval (CI), 0.62-1.30; P ¼ 0.58). Significant factors for overall mortality were patient age X40 years (HR ¼ 1.55; 95% CI, 1.17-2.06; Po0.01), FDMR combination (HR ¼ 1.42; 95% CI, 1.03-1.95; P ¼ 0.03) and requiring more than one course of induction chemotherapy to achieve CR1 (HR ¼ 1.81; 95% CI, 1.36-2.41; Po0.01) ( Table 4) . As the donor-recipient sex combination, but not donor type, was a significant factor for overall mortality, OS after MUD HCT with sex combinations other than FDMR was significantly higher than that after MSD HCT from female donors to male recipients (4-year OS 72% versus 55%, P ¼ 0.04) (Figure 1b) .
Nonrelapse mortality
The cumulative incidences of NRM for the MSD and MUD HCT were 17% and 19% at 4 years, respectively (P ¼ 0.52) (Table 2, Figure 2a ). Univariate analysis of risk factors for NRM showed that the following factors were significant at the 0.1 level: patient age X40 years, FDMR combination and MMUD (Table 3 ). In multivariate analysis, MUD HCT was not a significant factor for NRM compared with MSD HCT (HR ¼ 1.26; 95% CI, 0.77-2.06; P ¼ 0.35; Table 4 ). Significant factors for higher NRM were patient age X40 years (HR ¼ 1.71; 95% CI, 1.17-2.50; Po0.01), FDMR combination (HR ¼ 1.68; 95% CI, 1.12-2.52; P ¼ 0.01) and MMUD (HR ¼ 1.83; 95% CI, 1.16-2.86; Po0.01).
Relapse
The cumulative incidences of relapse for the MSD and MUD HCT were 24% and 19% at 4 years, respectively (P ¼ 0.25; Table 2 , Figure 2b ). Univariate analysis of risk factors for relapse showed that the following factors were significant at the 0.1 level: longer interval between diagnosis and transplantation, peripheral blood The median time from diagnosis to transplant was 7.43 months for the whole group.
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N Imahashi et al as stem cell source, WBC counts at diagnosis X50 Â 10 9 /L, requiring more than one course of induction chemotherapy to achieve CR1, and MMUD (Table 3) . In multivariate analysis, MUD HCT was not a significant factor for relapse compared with MSD HCT (HR ¼ 0.98; 95% CI, 0.58-1.64; P ¼ 0.93; Table 4 ). Significant factors for relapse were WBC counts at diagnosis X50 Â 10 9 /L (HR ¼ 1.77; 95% CI, 1.20-2.63; Po0.01) and requiring more than one course of induction chemotherapy to achieve CR1 (HR ¼ 2.24; 95% CI, 1.54-3.27; Po0.01), and 9 months or longer interval between diagnosis and transplantation (HR ¼ 0.56; 95% CI, 0.32-0.98; P ¼ 0.04).
DISCUSSION
We retrospectively analyzed the impact of donor type on transplant outcomes among patients with intermediate-risk AML in CR1. We observed comparable survival after MSD or MUD HCT, but the donor-recipient sex combination had a significant impact on transplant outcomes. The prognosis of older patients was poorer than that of younger patients because of higher NRM. These findings have important implications for the treatment of intermediate-risk AML in CR1.
The prognosis of younger patients with intermediate-risk AML could be improved by performing allo-HCT in CR1 when MSD is available. 5, 6 On the other hand, it is unknown whether these patients without MSD may benefit from alternative donor transplantation, because higher NRM associated with alternative donor transplantation may offset therapeutic benefits. 3 In our study, NRM for a MUD HCT was 19% at 4 years, which was similar to that for a MSD HCT and appeared acceptable. The comparable outcomes after a MSD or a MUD HCT observed in our study suggest that HCT, not only from MSD, but also from MUD, should be considered in younger patients with intermediate-risk AML in CR1.
The FDMR combination had a crucial negative impact on transplant outcome in the present study, whereas it had no or a modest effect on transplant outcome in other studies. [19] [20] [21] We suggest two possible explanations for this discrepancy. First, it has been reported that the negative effect of the FDMR combination on survival was more pronounced in the standard-risk disease group than in the high-risk disease group, because the negative impact of the FDMR combination on NRM was stronger in the former than in the latter group, whereas the GVL effect associated with the FDMR combination becomes less important in the standard-risk disease group. 21, 22 In the current study, subjects were restricted to patients with intermediate-risk AML in CR1. This may have resulted in a pronounced impact of the FDMR combination on transplant outcome in the current study. Second, as the impact of the FDMR combination on NRM is reported to be at least partially independent from that of GVHD on NRM, 21 and Japanese patients have lower incidence of GVHD, 23 the impact of sex combination on transplant outcome may be more evident in the Japanese than in the western populations. 22 The results of the present study suggest that the donor-recipient sex combination is a more important factor than the donor type in donor selection, in a certain subgroup of patients. As this may alter the current strategies in donor selection, verification in future studies is warranted. Regarding older patients with intermediate-risk AML, a recent retrospective study showed that patients who underwent allo-HCT in CR1 had better survival than those who were treated with conventional chemotherapy alone, because the latter patients were associated with high relapse rates. 24 On the other hand, previous prospective studies, including patients with AML of all cytogenetic risk groups, showed that the beneficial effect of allo-HCT in CR1 on OS was absent in patients older than 35-40 years, because the benefits of the reduced relapse rate were offset by a higher NRM. 6, 25 In accordance with these prospective studies, older patients had higher NRM and overall mortality than younger patients in the current study. Our study revealed that a substantial number of older patients received allo-HCT in CR1, but the results of our study and others indicate that prospective studies to evaluate the efficacy of allo-HCT in CR1 for older patients with intermediate-risk AML are necessary before it becomes a general practice.
The proportion of patients who received TBI regimens tended to be lower in the older patients than in the younger patients in the current study (data not shown), perhaps in an attempt to reduce toxicity. However, there was no significant difference in NRM between TBI and non-TBI regimens among older patients (data not shown). Recently, reduced toxicity myeloablative regimens, such as the combination of fludarabine with myeloablative doses of BU, were developed with an aim to decrease toxicity without compromising antileukemic effects. 26 These regimens might be beneficial for older patients, especially for those with standard-risk disease. 27 The optimal conditioning regimens for older patients need to be determined in the future studies.
OS after other RD and MMUD HCT did not differ significantly from that after MSD HCT in the current study, but these results need to be interpreted with caution. First, the small number of patients with other RD limited the power to detect significant differences in survival between MSD and other RD HCT. Second, other RD and MMUD included donors with various degrees of HLA incompatibilities. Thus, it is difficult to draw firm conclusions regarding the role of other RD and MMUD HCT from this study. Nonetheless, considering that other RD and MMUD HCT yielded a 4-year OS of 53% and 61%, respectively, allo-HCT from these donors might be an option for patients with unfavorable features. For example, as patients who required more than one course of induction therapy to achieve CR1 have poor outcomes with conventional chemotherapy, 8 they might benefit from allo-HCT from other RD or MMUD, when MSD and MUD are not available.
Our study has several limitations. First, this is a non-randomized, retrospective observational study using registry data, which would allow for the introduction of bias. To minimize bias, we conducted multivariate analyses to adjust for baseline differences. However, some factors which might have influenced transplant outcomes (such as performance score and extramedullary disease) could not be included in the Cox proportional hazards regression model due to a high frequency of missing values. Second, a time-censoring effect might have influenced the results. 28 Patients who undergo transplantation late after achievement of CR may be at a lower risk of relapse, by virtue of having remained in remission a time long enough for a transplantation to be performed. 28 This effect might have favorably affected the outcome of unrelated donor HCT. However, there was no significant difference in OS between MSD and MUD HCT, even when the time from diagnosis to transplantation was included in the final model of multivariate analyses (data not shown). Third, although the role of allo-HCT according to genetic mutations, such as FLT3-ITD, NPM1 and CEBPA, is now being explored, 29 the information about these mutations was not available and this was beyond the scope of the present study. However, the results of our study do support the inclusion of not only MSD HCT, but also MUD HCT, in the prospective studies, which evaluate the role of allo-HCT according to these genetic mutations.
In conclusion, the results of our study suggest that HCT, not only from MSD, but also from MUD ,should be considered in younger patients with intermediate-risk AML in CR1, and that the donor-recipient sex combination is more important than the donor type in donor selection. Prospective studies to evaluate the role of allo-HCT in CR1 for older patients are warranted.
